In this paper, we firstly analyze the language phenomena and distribution characteristics of Chinese spontaneous utterances already paraphrased by other approaches. Based on the information obtained from a corpus, our lexical-based approach is proposed to paraphrase Chinese spoken language. Our purpose is to transform various expressions into simplified expressions with the same meanings. Chinese verbs are the main constituents in sentences, and with their flexibility they play an important role in expressing structures, especially for transitive verbs. Furthermore, negative verb expressions also appear frequently to express enquiries in question utterances. Therefore, we design four types of paraphrasing templates based on lexical information and the characteristics of the corpus: (I) synonym replacement, (2) Chinese transitive verbs, (3) verbs ,with two objects, and (4) the transformation of negative expressions. Our experiment found that the lexical-based approach is effective for Chinese paraphrasing.
INTRODUCTION
In the spoken language translation (SLT) field, a key issue is handling flexibility and unrestricted expressions. Therefore, a wide variety of research on SLT has been conducted, and different approaches have been proposed to handle spoken phenomena over the past decade.
Paraphrasing is an appropriate way to deal with this problem and provide more variant expressions. It provides a way to pre-process the spontaneous utterances prior to transfer [I, 21. Many possible expressions for a particular meaning can be generated due of the flexibility of spontaneous utterances. For a machine translation system, when an expression can't be handled, other expressions are generally available to replace the current one in spoken language. Paraphrasing approaches have been presented and applied widely in SLT systems, especially in the English [3] and Japanese languages [I, 2, 41. However, there is a limited number of research reports on Chinese language paraphrasing [5, 6, 7, 81 . These papers provide the main framework by summarizing templates to use in Chinese paraphrasing. More sophisticated method of Chinese language processing would require resources such as syntactically or semantically annotated databases. However, such resources are scarce. Therefore, a lexicalbased approach is proposed in line with the characteristics of spontaneous utterances. This approach focuses on four aspects: (I) synonym replacement, (2) Chinese transitive verbs, (3) verbs with two objects, and (4) the transformation of negative expressions. In order to investigate the phenomena and distribution characteristics of the Chinese paraphrasing corpus, we analyzed the paraphrased results already processed by other approaches. The paraphrased corpus is 60m the ATR corpus of hotel reservation utterances, including 64.477 Chinese utterances. Each utterance is paraphrased into two utterances on average. This paper is organized into the following sections. Section 2 analyzes the phenomena of the already paraphrased utterances. Here we analyze the distribution properties and language information with a view to developing our new approach. Section 3 is the main part of this paper, and it explains in detail the paraphrasing process used to deal with Chinese verbs and negative expressions. Section 4 gives the experimental results and analysis. Finally, section 5 draws our conclusions about the proposed lexica-based approach and discusses our future work on Chinese paraphrasing.
ANALYSIS OF PARAPHRASED CORPUS
The corpus in this paper consists of expressions used in the hotel reservation domain, where each utterance has been paraphrased. Y.J. Zhang [9] has investigated the phenomena of the Chinese spoken language in the original corpus before paraphrasing. These utterances in the corpus provide important information for learning new structures and patterns for use in the lexical-based approach. Moreover, the corpus has been processed from three layers: word segmentation, part-of-speech tagging 0-7803-8678-7/04/$20.00 02004 IEEE with the Penn Chinese Treebank tagset [I I] , and partial phrase identification. After analyzing the corpus, we found some problems at different layers that affect Chinese paraphrasing and also summarized the distribution characteristics of the utterances.
Problems in the Corpus
(Could'you introduce me to a hotel whose rates are not too expensive?)
In the sentence, the word "E@ should be segmented to " W a n d "t" because "t" is a quantifier here. Table 1 lists the accuracies for different levels of processing. Generally, these three kinds of errors affect e sults.
Eiam "NN ? IPU 
Chinese Verb Structures
We have obtained statistical information on the Chinese verbs in the utterances shown in section 2. Based on the characteristics of the corpus, our Chinese paraphrasing mainly processes two kinds of Chinese verbs: transitive verbs and objective verbs-VOO.
(1) Transitive verbs (VT) In general, transitive verbs describe a noun or noun phrase as its object. This 'V-0' structure is very flexible, and it can be placed in different positions of a Chinese sentence without changing the meaning of the sentence, especially in spontaneous utterances. For example, Iex.61 RIPN ?ZNV fWNV !%fff/NN (I want to change the flight.)
Transitive verb 'eW modifies the object "i%W". The verb structure can be put at the end of the sentence. And in another form, the object ''fii@" can be separated from the verb. The two paraphrased sentences are both correct and express the same meaning.
The distinctive characteristic of this kind of verb is that it usually describes two objects: a direct object and an indirect object. Furthermore, the direct object can be separated 6om the VOO shucture and put at the head, the end, or another unfixed position in the utterance. In this example, "E?," and "i$&%" are indirect and direct objects, respectively. The position of the direct object changes 60m the end to the head of the sentence after paraphrasing.
The Transformation of Negative Expressions
A negative expression, uniformly denoted by 'A-*-A', where 'A' is a verb, is an important structure in question sentences. Actually, the former 'A' and the latter 'A' are not always the same. Sometimes, the latter verb includes the former one. For example, " B N V W A D BQNV"
and " $4 N V ; I ; /AD @ X NV", There are two transformation directions used to paraphrase a negative structure:
The former expression includes two verbs in addition to the negative word "8" or "v. These two expressions have different particles at the end of a sentence. With the change to a negative expression, the sentence-final particle also needs to change. The corresponding relations with particles are described in (A) and (B). If the object is a noun phrase or there is a long distance between a transitive verb and its object, the utterance can't be paraphrased or is paraphrased incorrectly. In the row of 'transitive verbs' in Table 4 , we can see that the paraphrased rate is only 35.5%. (4) The coverage of this approach is limited. (5) Our approach mainly considers key words and some special structures, so the paraphrasing system is easily built and implemented. (6) The paraphrased rate of negative expressions is comparatively high, at almost SO%, because this structure is relatively fixed.
CONCLUSIONS AND FUTURE WORK
Currently, there are limited resources and tools available to perform Chinese paraphrasing. Furthermore, there is not a broad body of research on Chinese paraphrasing, although many paraphrasing techniques can be adapted from other languages. Our preliminary experiment provided a simple but useful idea for developing more effective Chinese paraphrasing for SLT systems. The approach in this paper, the lexical-based approach, is a low-level approach to Chinese paraphrasing. It has many disadvantages, since it only uses partial language information. On the other hand, it is thus a good way to make use of a Chinese syntactic parser for Chinese paraphrasing. The transformation of sentence structures can provide more important language information than lexical information. Therefore, our future tasks will focus on partial Chinese parsing and full parsing and how to combine Chinese syntactic parsing approaches with Chinese paraphrasing. Furthermore, we will also find a way to evaluate the paraphrased results automatically. The paraphrased results should be simpler and have more regular grammatical sentence structure than the original sentences so that they can improve the performance of machine translation systems.
